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Abstract 
A certain manufacturing plant is in the business of manufacturing plastic products majority of which are crates and pallets. After 
molding, pallet parts are welded together using welding machines. Recently, to increase productivity and reduce costs, the pallet 
welding process has omitted the cutting step. A previous study was done to determine the optimal number of pallets welded per 
shift with the cutting process. This study compares the old process and the new process using simulation software, Arena. The 
result of the simulation shows a 25% improvement in terms of the number of pallets produced per shift from 180 to 226. Based 
on the worker utilization of the process, there are some workers who are underutilized; therefore one option is to do line 
balancing. Based on the results of the line balancing, one worker can be removed by combining the job of two workers. The 
combination of the job of the two results to an increase in the worker utilization without compromising the amount of pallets 
produced. 
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1. Introduction 
A certain plastics manufacturing plant uses an injection molding process to produce different types of rigid plastic 
packaging materials. The injection molding process is a process wherein plastic resins are melted in a machine and 
they are “injected” into a mold. The plastic is then cooled so that it will solidify to create the final product. The main 
products of the plant in this study are plastic crates and plastic pallets both of which are considered as transport 
packaging materials. In the production of plastic pallets, as compared with the production of plastic crates, there is 
an additional step after molding the product, this is called the welding process. The welding process is mostly 
common to pallets made of separate parts. 
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In the welding process, different parts of the pallet are attached to each other by heating and cooling. The number 
of machines involved in the welding process differs based on the number of parts of the pallet. Generally, the 
number of machines that will be used is the number of parts divided by two. Once parts are welded together, workers 
need to trim the parts to remove sharp edges and so that it would be more aesthetically appealing. The last part of the 
welding process is the attachment of rubber inserts. The use of rubber inserts is done to increase the friction between 
the pallet and the goods. The number of rubber inserts in the pallet depends on the design of the pallet. There are 
some pallets on the other hand, which do not require the use of rubber inserts. 
Recently, the process of the welding in the plastic manufacturing plant was changed in order to reduce the 
number of people that would be needed and thus reducing the cost of labor. The practice of cutting was omitted and 
instead the parts are just matched in terms of size. In effect, the cutting machine operator is not needed anymore. 
This study will be done in order to compare the current process with the previous process in terms of number of 
pallets produced per shift. The comparison between the current process with the previous process will be able to 
verify if there is significant savings (in terms of number of workers) attained because of the new system. This study 
will also pin point areas in which bottlenecking occurs and make recommendations based on the results. This study 
will demonstrate the use of simulation software in determining the standard times of the current and proposed 
systems. 
2. Background 
The pallet is considered as a tertiary packaging product. Pallets are essential when warehousing as they are used 
to keep the goods in order and with pallets, racking is possible. One advantage of using pallets is that they help 
unitize the products which mean that the products will be easier to count. Ideally, plastic pallets or pallets in general 
are used together with forklifts of jack lifts.  There are different kinds of pallets including paper, wood, plastic and 
metal. All have their advantages and disadvantages but this study will focus on the plastic pallet. There are different 
types of plastic pallets and in the plastics plant considered in this study; they are classified by the number of parts 
used to make a pallet. The 8 piece plastic pallet has four main parts, the top grill, bottom grill, long short side frame 
and the long side frame. There are two of each part needed to produce one pallet. Other parts that can be put in 
plastic pallets are metal reinforcements, to increase the load capacity and rubber inserts to reduce slipping. 
To put the parts together and create one pallet, pallet welding is done. In the welding of plastic pallets, the main 
processes that occur are the heating and cooling of the plastic in the welding machine and the trimming done by the 
worker. The amount of time the pallet parts are welded together in each welding machine is held constant while the 
amount of time trimming would depend on the worker. In the eight piece pallet welding, there are four welding 
machines. In the first machine two grills are welded together side by side. In this process, there are two layers of 
grills that are welded together. This process will produce the parts that are needed in the second welding machine. 
Once finished, the trimmers will remove the excess plastic produced during the welding process. After trimming, the 
four grills are attached to each other using the second welding machine. Then, the welded parts will be trimmed and 
sent to the third welding machine. In the third welding machine, the short side frames are attached to the grills. After 
trimming, cutting can be done to remove any uneven parts and so that the parts would be straight and easier to weld. 
Then, the long side frames are attached using fourth welding machine. In this step, the sizes of the parts are critical. 
There should not be any excess because after this step, it cannot be resized anymore. 
A previous study was done to determine the optimum number pallets produced. The number of pallets produced 
in a 12 hour shift was noted along with the worker utilization. In the study, the process was divided into different 
elements. These elements can be seen in Table 1. The model was then simulated using Arena to determine the 
optimum number of pallets produced and the worker utilization. The worker utilization obtained from this model 
can be found on Table 2 and Figure 1(a). 
Recommendations in the number of workers were then made based on the worker utilization. Simulations 
varying the number of workers per station were done. After completing the simulations, the recommendation of the 
study based on the optimum number of pallets and the number of workers was to keep the “current” set-up of eleven 
workers. This study was not only able to determine the optimal set-up for the welding section, but it was also able to 
determine the standard time for the said system and it was also able to determine the average number of pallets that 
can be made in a 12 hour period and thus creating a standard in the process. The previous set-up as observed by the 
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said study can be seen in Figure 1(b) where the machines are the rectangles and the workers are the circles. In the 
previous set-up there were a total of 11 workers per shift with a total output of 178 - 180 pallets. 
 
  Table 1. Elements involved in Welding Process (Old System). 
Element Action/Element Element Action/Element Element Action/Element 
1 W1 loads  and adjust grills at 
WM1 
10 W4 trims welded grills 19 W8 loads and adjusts welded 
parts and long side frame at 
WM4  
2 WM 1 heating 11 W4 puts 4  metal jigs at bottom 20 WM 4 heating 
3 WM 1 cooling 12 W5 loads and adjusts grills and  
short side frame at WM3 
21 WM 4 cooling 
4 W1 unloads welded top and 
bottom grills 
13 WM 3 heating 22 W8 unloads welded pallet 
5 W2 trims top and bottom grills 14 WM 3 cooling 23 W9 & W10 trim welded grills 
6 W3 loads and adjusts top and 
bottom grills at WM2 
15 W5 unloads welded parts 24 W10&11 put rubber inserts 
7 WM 2 heating 16 W6 trims welded grills 25 W11 stacks pallets for printing 
8 WM 2 cooling 17 W7 loads parts on Cutting 
Machine 
  
9 W3 unloads welded top and 
bottom grills 
18 W7 operates Cutting Machine 
then unload 
  
 
Table 2. Worker Utilization of Old System. 
Worker Utilization Worker Utilization 
1 100% 7 48% 
2 41% 8 100% 
3 87% 9 56% 
4 59% 10 73% 
5 73% 11 25% 
6 45%   
 
Eventually, to lessen the expenses in the welding department, cutting was omitted. Instead of cutting the parts 
before the final welding the sizes of the parts were matched and adjustments in the welding time were done. Instead 
of cutting the plastic, the contact time with the heater is increased so that the parts would be melted into the desired 
size. Because the cutting process was omitted, one worker was also removed. In terms of facility layout, there were 
no changes done. The cutting machine was still left in its original place but it is not being used anymore. Figure 2 
shows the current layout of the welding process. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. (a) Graphical Representation of Worker Utilization (Old System); (b) Layout of Old System. 
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Fig. 2. Layout of Current System. 
This study will be focused mainly in the comparison of the old system and the new system. As such, parameters 
from the previous study will be carried over to the current study. The operation will be set to 10 hours which is 
adjusted to accommodate breaks and start up. The study will assume no rejections and no down time. As much as 
possible, the parameters and set up using the previous study will be retained and used for this study. 
To determine the optimal number of pallets produced per shift, Arena, a simulation software, will be used. 
Simulation is usually used to gain insight on proposed situations or when the experiment is too expensive or when 
an experiment is too dangerous [1]. To start the simulation, the problem must first be defined. Once the problem is 
defined, the next step is to create a model. With the use of a simulation software, analysis of the model can be done 
quickly. Once the analysis is complete, an actual experiment can be done. 
3. Methodology 
The study was limited to the workers in the morning shift and observation time was limited from 9:30 am to 
11:00 am. The study was also limited to the months of January to March 2014. The workers assigned for each 
station were assumed to be constant for the entire time study period. No fatigue allowances were included in the 
study. 
To determine the optimum number of pallets and the standard time of the process, a time study was 
conducted.Since the study will dwell mostly in the confirmation of the new process, the elements from the previous 
time study will be used. There will be some modifications in the elements; some elements would be combined 
together for easier and more reliable time measurement. Table 3 shows recommended number of observation cycles 
taken from Niebel’sMethods, Standards and Work Designs. 
 
Table 3. Recommended number of observation cycles (Taken from Niebel's Methods, Standards and Work Design, 12th Edition). 
Cycle Time (min) Recommended Number of 
Cycles 
Cycle Time (min) Recommended Number of 
Cycles 
0.10 200 2.00-5.00 15 
0.25 100 5.00-10.00 10 
0.50 60 10.00-20.00 8 
0.75 40 20.00-40.00 5 
1.00 30 40.00 above 3 
2.00 20   
 
The cycle time for this study fell in the 10.00 to 20.00 minute range so the recommended number of observations 
is eight but, to increase the accuracy of the study, there were 15 measurements per element. The average time per 
element was used in the determination of the standard time. The elements that were measured can be found in Table 
4. 
Once the average time for each element was obtained, the optimum number of pallets in each shift was 
extrapolated using simulation software. To determine the optimum number of pallets produced per shift, Arenawas 
used. In this software, each element would be considered as one process.The model used in Arena can be found in 
Figure 4. The parameters used in the simulation software can be seen in Table 5. After inputting the parameters, the 
model was run. The run was able to simulate 10 hours of work and 100 replicates were simulated. 
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Fig. 3. Arena Model. 
 
Table 4. Elements Involved  in Welding Process (New System). 
Element Action/Element Element Action/Element Element Action/Element 
1 W1 loads  and adjust grills at 
WM1 
7 W3 unloads welded top and 
bottom grills 
13 W8 loads and adjusts parts and 
long side frames at WM4  
2 WM 1 heating and cooling 8 W4 trims welded grills 14 WM 4 heating and cooling 
3 W1 unloads welded top and 
bottom grills 
9 W5 loads and adjusts grills and 
short side frame at WM3 
15 W7 unloads welded pallet 
4 W2 trims top and bottom grills 10 WM 3 heating and cooling 16 W8 & W9 trim welded grills 
5 W3 loads and adjusts top and 
bottom grills at WM2 
11 W5 unloads welded parts 17 W10 put rubber inserts 
6 WM 2 heating and cooling 12 W6 trims welded parts 18 W10 stacks pallets for printing 
 
Table 5. Parameters used in Arena. 
Element Action Delay Type Element Action Delay Type 
1 Seize Delay Expression (Lognormal) 10 Delay Constant 
2 Delay Constant 11 Delay Release Uniform 
3 Delay Release Uniform 12 Seize Delay Release Normal 
4 Seize Delay Release Normal 13 Seize Delay Expression (Lognormal) 
5 Seize Delay Normal 14 Delay Constant 
6 Delay Constant 15 Delay Release Expression (Lognormal) 
7 Delay Release Expression (Lognormal) 16 Seize Delay Release Normal 
8 Seize Delay Release Normal 17 Seize Delay Release Expression (Lognormal) 
9 Seize Delay Expression (Lognormal) 18 Seize Delay Release Expression (Lognormal) 
4. Results and discussion 
The results of the time study were tabulated and the average time for each element was inputted in Arena.The 
appropriate probability distributions were used and they were obtained by finding the best fit in MINITAB. The 
results of the study show that the optimal number of pallets produced per shift is 225-229 with an average of 226 
pallets per shift. Compared to the original 178-180 pallets per shift, there is an approximate 25% improvement 
which means that the current process is better than the old process in terms of number of pallets produced. In terms 
of the actual number of pallets produced in the process, an average of 180 pallets are produced which means that 
some factors like fatigue and machine downtime play a large role in the number of pallets produced per shift. 
Another possible reason for the large discrepancy would be the temperature used for the heating. It is possible that 
the temperature during the initial time study is not the same as the temperature of the current study. This would play 
a large factor in the determination of the standard time as the heating and cooling times would vary. 
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Fig. 4. Bottlenecking in the Process. 
 
Figure 4 shows the bottlenecking found in the process. Based on the simulation, there is bottlenecking before 
loading in welding machine 1 and 2.The bottleneck in welding machine 1 happens because it is assumed that there is 
a continuous supply of raw materials and no stoppage occurs due to the lack of resources. In welding machine 2 the 
bottlenecking occurs due to the long processing time. The number of pallets produced per day is based on the 
amount of pallets that are processed in welding machine 2 since it limits the amount that can be used for the 
remaining processes. The worker utilization of the current process can be found in Table 6 and Figure 5. 
Since worker 4, worker 6 and worker 10 are all underutilized; one option is to do line balancing. Based on the 
current layout of the process, worker 4 and worker 6 can be combined so that only one worker would be doing the 
job of worker 4 and worker 6. There would be one less worker in the process which would result to even lower 
operating costs. The proposed layout of the welding process based on the results of line balancing can be found on 
Figure 6. 
 
Table 6. Worker Utilization of Current System. 
Worker Utilization Worker Utilization 
1 100% 6 46% 
2 90% 7 91.69% 
3 99.32% 8 84.24% 
4 47.7% 9 84.27% 
5 92.44% 10 31.39% 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Graphical Representation of Worker Utilization (Current System). 
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Fig. 6. Proposed Layout of the Welding Process. 
 
During the simulation of the line balancing, the job of worker 6 was given to worker 4 such that worker 4 would 
be the trimmer for welding machine 2 and welding machine 3. The results of the simulation showed the same 
number of output, 224-228 with the average at 226. Based on the simulation there is an increase in the worker 
utilization while still maintaining the 226 pallets per shift output. Table 7 and Figure 7 show the worker utilization 
of the proposed system. 
Table 7. Worker Utilization of Proposed System. 
Worker Utilization Worker Utilization 
1 100.00% 6  
2 89.66% 7 91.60% 
3 99.29% 8 84.21% 
4 93.92% 9 84.21% 
5 92.36% 10 31.70% 
 
One drawback of the proposed system is that there will be an increase in the queuing time in the system. Table 8 
shows the comparison of the queuing time and number of entities waiting for the current system and the proposed 
system. One effect of this would be more WIP and thus less space in the area but, if the goal is just to increase the 
number of output at the lowest operating cost, the proposed system may be a viable option. Although there would be 
an increase in WIP the increase is very minimal and it would not have a large effect on the system. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. Graphical Representation of Worker Utilization (Proposed System). 
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                    Table 8. Queuing Comparison for Current and Proposed System. 
 Current System Proposed System 
 Wait Time Number Waiting Wait Time Number Waiting 
Loading 1 0.9897 29.7434 0.9867 29.6766 
Trimming 1 0.00035779 0.00962775 0.0003755 0.0101008 
Loading 2 0.6759 18.1311 0.6746 18.0975 
Trimming 2 0 0 0.01011577 0.2334 
Loading 3 0.00145684 0.03352056 0.00502376 0.1158 
Trimming 3 0.00000024 0.00000554 0.00664409 0.1521 
Loading 4 0.00341812 0.07818383 0.00569912 0.1304 
Trimming 4 0.00034539 0.0078689 0.00037779 0.00859883 
5. Conclusion 
The results of the study showed that there is improvement in terms of the number of pallets produced per shift so 
the process should be kept the way it is now and not revert to the old process. In terms of worker utilization, there 
are large differences for trimmers and machine operators. Based on the results of the simulation, most of the idle 
time and bottlenecking happens because of welding machine 1 and 2. This means that the total output for the shift is 
dependent on the output of welding machine 2. Since some of the workers were underutilized, one option is to do 
line balancing, based on the results of the line balancing; one worker can do the trimming for welding machine 2 
and welding machine 3. This would result to the same number of pallets produced per shift. Although theoretically 
this may be the case, it is possible that in the actual run the results may not be the same since some machines may be 
left vacant and fatigue may play a large factor for the worker. 
Based on observation, even though there is little idle time, the workers, usually trimmers are not able to be fully 
efficient. The workers usually match the time of trimming with the time of welding. They would take more time in 
trimming the pallet if they think that they would have idle time. Usually, when there is a slight down time in the 
machine or when there is a problem with the parts, the workers who trim the pallet would budget their time in order 
to lessen idle time which in turn increases their worker efficiency. When there is a bottleneck in the process, the 
workers would increase the rate in which they work to reduce the bottleneck. This means that the utilization of the 
workers is not really as high as the simulated values. Also, some workers have other activities aside from what they 
are doing so utilization may not be as accurate. There are times when some workers are cleaning up, getting parts, 
putting in metal reinforcements or being told to help elsewhere; therefore, one recommendation is to incorporate 
scheduling and work sampling in the next study. 
The optimum number of pallets produced in one shift can be determined by the cycle times in the welding 
machines and the workers should not be a basis as their efficiency cannot be accurately determined. Also, machine 
downtime which was assumed to be zero in the study is actually a big factor in the delays in the actual process. One 
recommendation based on these two observations is to study the welding machines. It is possible that the machine 
efficiency is the one holding back the production capacity. It is possible that the machines are too old and need to be 
changed or more welding machines should be added to increase capacity. 
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